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SUMMARY - o

Rectangular Clarlt ¥ biplane cellules having zerc and
-0.25 stagger, the gap equal to the chord, and 0° decnlage
were tested on the N.A.C.A. spinning balance in the 5=-foot
vertical tunnel., The azerodynamic characteristics of the
modsls and a prediction of the angles of sideslip for
steady spias for airplanes using these wing arrangements
are given. Therc is included an estimation of the yawing
moment that nust be furnished by parts of the airplane _
nthor than tho wing to balance the inertia couples and wing
yawing moments for spinning oequilidbrium. The ecffects on C
the spin of changes in stazger and of variation in somec of
the important parametors are discussod and the resullts are
comparcd with those for a sinilar biplane cellule with 0,25
positive stagzer tested earlier. ) '

it is concludecd that, with the valueos of stagger con-—
gidercd, for = convontional biplane having equal upper and
lower rectangular Clark Y wings, gap equal to the chord,
and zero decalago: The airplane will generally spin with
inward sidoslip, which, in some cases, may éxceed 209; for
anglcs of attack through 50°, the sideslip generally will
bocome more inward as the stagger becomes more nogative
and, for an angle of attack of -70° and sometimes of 607,
the inward sideslip will bocome loss ag tho staggor bocdmes
more nogative; the value of stagger faor the best spinning
characteoristics will vary with different types of airplanes;
the provision of a yawing-momont coefficiocnt of ~0.025 (i.e., *
opposing the spin) by the tail, fusolaze, and interferonce
offects will prevent equilibrium in a "steady spin for the '
values of stapgger tested and with any of the paraméters
used in the analysis; and too much reliance should not be
nloced on tail arrangement for nreventingz bad spinning
characteristics,.

-
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INTRODUCTION .

In order to provide necessary aerodynamic data for es-—
timating airpvlane spinning characteristics from the design
features, the N.A.C.A. is conducting an investigation to
determine the aserodynamic characteristics of airplane nod-
els and parts of airplane models in spinning attitudes.

The portion of the investigation to detsrmine the
spinning characteristics of wings, for which the N.A.C.A,
spinning balance is being used, includes a sturdy of the of-
fects of variations in alrfoil secticn, plan ferm, and tip
shape of nonoplane wings and variations in stagger for bi-
rlane cellules. The first and third series of tests re-
ported were made of Clark Y monoplane wings with rectangu-
lar plan forms, with square and rounded tips, end with a
5:2 taperecd wing having rounded tips (references 1 and 2)e
The second sories, made of a rectangular Clark Y biplane
cellulec with 0.25 stagger, is reported in reference 3.

The present report is a continuation of reference 3
and gives the asrodynawmic characteristicg, in spinning at-
titudes, of a rectangular Clark Y biplane cellule with the
gap equal to the chord, zero decalage, and with zero and
-0.25 stagger. A4lgo included are conparlsons with. the
cellule having 0.25 positive stagger.

APPARATUS AND MODELS

The tests were made on the spinning balance in the
NeAeC.A, B=fbot vertical wind tunnel. The tunnel 1lg de«
scribed in reforence 4 and the six~component spinning bal-
ance in reference 5.

The Clark Y winegs were made of lamlnated mahogany
with balsa insets for lightness. _The gpan of each wing is
20 inches and the chord is 5 incheés. Thesge wings had been
used for the tests in reference 3; the only change in the
cellule was new strut bracing to give the desired amounts
of stagger. Figure 1 1s a sketch of the model showing the
bracing, balande attachment, and stagger. Figure 2 shows
the model (=0.2F stagger) mounted on the spinning balance.
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TESTS

In order to ‘cover the probable spinning range, tests
were made at angles of attack of 309, 40°, 50°, 606 and
70%, At each angle of attack fests were made w1th values'
of Wb/2V of 0.25, 0.50, 0.75, and 1.,00. &t each angle
of attack and at each value of Qb/2V tests were made at
sideslip angles of -50, 09, 59, 10°, and 15° for the cel-
lule with zero stazger, and at 0° (a = 70° only), 59, 10°,
15°, and 20° sideslip for the cellule with -0.25 stagger.
The angles of attack and of sideslip wére measured in the.
plane of symmetry at the quarter-chord point of the upper
wing, which was also the center of rotation for all tests.
Because of variations in individusal Dalance_readings, at
least one repeat test was mads for each condition and an
average of the individual measurements was used to compute
the coefficients. . -

The tunnel air speed was 70 fcocet per second for tests

en OB b _
with o7 = 0.25 and 0,50, 56 for 57 = 0.75, and 42 for
g% = 1,00. The Reynolds Number was about 180,000 for tha

highest air spced and about 137,000 for the lowest. Pro-
vious tests showed no approciable change in scale aeffects
for this range. T

RESULTS AND DISCUSSION

The data were converted to coefficient form by means
of the following relations:

o b , v G Z
X =58 t = 3§ %27 as
L M N

C = - —— c = ———

T 7 ¢ps °n = T8 o gbs

All coefficients are stanfard N.A.C.A. form except Cm,
which 1s based on the sgspan rather than on the chord and
may be converted to the standard N.A.C.A. form by multl—"
plying by 6. All coefficients are given with the conven-’
tional signs for right spins (reference 1).:
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The coefficieunts of longitudinal force in the earth

gysten of axes GX" and of all six components of the
forces and moments in the body system of axes are given in
tables I and II. Samvle cufves of GX"' GL’ Cm, and Cn

are given in figures 3 to 6.

The dats and attitudes are given for the quarter-chord
point on the lower surface of the upper wing at zero radi-
ns. The coefficients in body axes may be converted toc any
other point of rotation in the plane of symmetry by the
following relations. The converted coefficients are indi-
cated by the subscript-l.

- o0y (XN oo (LY - g_)‘*
oy, = ox (&) oy, = oy r () cp =02
c (c 5 oyl (37

= + £ B

Ll L .L b Y_] Vl/')
r
z X v
Gml = LCm - -_5 GX - E CZ-} (\vl

and

(e}
Il
Q
l

2y = O - B oy ] ()

/

,
o |

—t

where x ig the distance forward (positive) of the new
center of rotation from the guarter-chord of the
upper wing.

z, the distanco of the new center of rotation below
(nositive) the lower surface of the usper wing.

b, the svan of the wing.

v, /n,® v, 2 w, 2

- = =t =5+ =5

v AR ve &

S = cos o cos B + 2zg (QE\

v b \N2V/

v 2 r Zz
B e E2(D) - 22 (2
7

W

ol = gin o cos B - 253 ab
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A cos a C 8 : - : T .=
g = 0os :
4 _
g = sin B
é = cos B sin «
w
Thus @, = tan™? Ei
1 —r—
v
B, = sin~! -+
v,

An analysis was made with the data converted to the
guorter~chord point midway betwveen the wings of the biplane
(reference 3), Tho esnalysis showed that the sideslip re=-
quired was scnerally about 2° less than it was for the
original data. In other details the varistions were quite
similore. ' L

The data are believed to be correct to within tho fol-
lowing limits:

Cyn, £0.02; GX’ +0,02; Gy, +*0.01; ©Cg, +0.02;

+0.002; C +0,001

Cy,. #0.001; © n

m!

Yo corrections have been made for the effects of jot
boundarics, scale, or interference of the balance, strubs,
or braclng systom.

Gonerally, GK" decreascs as the étagger decreases
(fig. 3). This result may normally be expected because of
the blanketing of the upper wing by the lower wing. The
varlation of "C; with stagger changes sign with increasse
of angle of attack (fig. 4). The values of C; at %0° an~
gle of attack.,are more »ositive for the necgative stagger,
and et 70° angle of attack arc more positive for the posi-
tive stagger. The changos in Cy with Qb/2Y are irreg-
ular, The valuos of G, 1increase as the stagger decreasos
(fige 5). Part of this increase is due to measuring the
moments about a fixed point on the upper wing so that de=
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creasing the stagger means moving the lower wing forward
with respect to thig fixed point. (See fig. 1. The val-
ueg of ©Cp are small and show no general tendoncy to

change with the stagger (fig. 6)}.

ANALYSIS

An analysis of the data was made to show the effects
of certain parameters on the steady spinning characteris-
tics of an girplane using these types of biplane cellule.
The method of analysis with the assumptions used and the
errors involved is given in reference 1, For convenlence
the method of analysis is briefly described.

Formulas uged in the analysis.-—

92:/ ~ o N R (1)
2V 3.84 p sin 2a kyo ~ ky° B
kza - kY?_ _ ~Cm tan o
G, = G it
l L =z . 5 2 1
b,/ ky - kg
k2 - 1x.2\ [~0_ sin B\
m
+ 1.02 28 X (2)
kg - kX? cos o
' kot - k. 2
G, = Gy cot a X X (2)
=] =]
kg = ky

Parametsers.-~ Because the wing loading, aspect ratio,
radii of gyration, and vpitching moments are mostly depend-
ent upon the characteristics of the particular airplane,
valucs of . these variables covering the range for normal
biplanes have boen used in the analysis. A moean of these

values was choson that gave the following paramcters:

Relative dengity of the alrplane to ailr

w Ti
(“ = gpvs pbs) b= 5
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Pitching-moment inertia parameter, —5———s = 80
s =
z X

Rolling-moment and yawing-moment inertia parameter,

]{:Zg -~ kY . --
T3 .=z = 1.0 '
1 — lC

%z X

Slope of assumed pitéhing—momeqt curve for the com-
. =Cp '

plete alirplane, — )
a -~ 20

= 0.,0020

Lift coefficlient Cy = CX“ from test date

Each of the parameters was varied, one at a time, from
the mean value while all others were kept at the mean value
with the éxcepition of GL, which was equal to OCyy for

all cases. The values of the parameters chosen are:

& = 2-5, 5.0, 7-5, and. looo

: 2 .
- = = 60, 80, 100, and 120
kol - ko2

LZ Y
~—g————n = 0.5, 1.0, 1.5, and 2.0
—LZ bl kX

~Cp | .
———~EBB = 0.001Q, 0.,0015, 0.0020, 00,0025, and 00,0030
@ - . . \ R .. . .

. The variagtionsg in p include the range of wing load—
ings of conventional biplanes.

.58

a a

The wvariations in

and —————g3F cover
the range glven in reference 6 for 11 airplanes. These

parameters may be written "R and IQ——__j respec—

tively, whers
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A = mkxg, the moment of inertia about the X axls
B = kaE, the moment of inertia about the Y axis.
C = mky2, +the moment of inertia about the Z axis.

iiothod of analysis.- The value of Ob/2V was computed
for each angle of attack using cequation (1). The aerody-
namic rolling-moment coefficient required for spinning
equilibrium was computed for all values ocf a« and B

tested using equation (2). The values of Cp and p  were
those usged in equation (1), In order to obtain wvalues of
Gy (Cp = Cgu), values of Cxn, determined from the tests,

were plotted against Qb/2V and, by interpolation, values
of Cyu at the values of- Qb/2V computed from equation

(1) were found. By means of sgimilgr intermolation, values
of Ct "woere obtained; a correction of 0.02 was added to
CZ o0 give CL avallable., The values of CL available

and of 'CL required, as found by the preceding mcthods,
were pniotted against B, the points of intersection of
the two sets of curves giving values of S, end B, for

each angle of attack, at which all forces and moments ex—
cept yawlng moments are in equilibrium,

Values of Gy required to balance the inertia yawing
moments were calculated from equation (3), using for GL
the value found for the equilibrium condition. The wvalue
of OCp furnished by the wings was the C, of the tests
corrected by adding 0,006. By the sudbtraction of this
valus of O, from the value of C, required as found by
equation (3), the value of ©C, was found that must be
furnighed by the remaining parts of the alrplanel fuse-
lage, empennage, and interforenco effects, to give sesqui-
1ibrium in a steady svin at the given angles of attack.

Scale~offect corrections %o Cq (ACy = 0.02) and to
Cp (Acn,= 0.006) have been found necessary from comhari-

song of model with full-~scale data and are discusscd in
referonce 5.

Discusgsion of resultg of analysis.- The angles of
sideslip required for a balance of rolling moments and the
values of O, that must be supplied by parts of the air-
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-

plane %o balance the inertia couples and wing yawing mo-
ments are plotted against the parameters in figures 7 %o
14. The results for the 0.25 stagger are included for
.comparison, _ . ’ n T
The effect of the various parameters on. the sideslip
required for equilibrium of rolling moments depends on the
anglo of attack and on the amount of stagger (figs. 7 to
10). For 50° angle of attack and below, the sideslip is
always inward and, except for two cases, is nevor less
than 6°, gonerally increasing as the stagger decroases
(changes in a direction from positive to negative)., For
an anglo of attack of 70° and, sometimes, of 60°, B de-
creases as the stagger .,decreases, and for some paramebers
the sideslip may becomé outward. '

‘The effoct of stagger on G, required is small. _(Seq

figs. 11 %o 14,) The On reguired tends to change in the
directlion from positive toward negative as the stagger in-
creases., The variation of . 0y required with the parame-
a . ;.G X .. 2 -
ters -— m_s, B, and b
@ - 20 ‘ kg® - kx?.
naximum negative value of C, rogquired being less than

kza __ka
-0.016. The G requlired decreases as ——5————15 in-

n
kz - kx

creases, the extreme values being 0.013 and =0.023.

ig ugually small, the

from the analysis.~ Prediction of the spinning characterise
tics of an airplane in which any of these biplane combina-
tions is used largely depends upon the aerodynamic yawinge- '
moment characteristics of %he particular airplane. The
value of C required, as given in- this report, is'ngmer—
lcally equal and of opposite sign to the sum of the wing
vawing moments and the inertia couples. At any angle of
attack, when this value of Cp  1is supplied by the empen-=
nage, fusclage, and interference effects, a steady spin
will result provided that the equilibrium . is stablei for
any other value of O the airplane will mot spin at that
attitude. In order to insure against spinning in any atti-
tude, a value of O, opposing the spin must be provided
that is larger than any attainable value of €, regquired.
The yawing moment supplied by the empennage, fuselage, and
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interference effects depends upon the sideslip; the slze
and shape of the fuselage and tail surfaces; the location
of the horizontal tall surfaces with resspect to the fuse~
lage, fin, and rudder; the amount of fin area ahead. of
the center of grayity; the interference effects between
the wings and tho rest of the airplenec; and the limits of
control movements.  Data on gsome of these effects are ro-
ported in reference 5 and in references 7 to 12. The ge-
ometry of the spin indicates that the vertical tail sur-
faces ghould become more effective in producing a yawing
moment -opposing the spin as the rate of rotation increases
and the sideslip decregses. Fin area ahead of the center
of gravity will glve yawing moments opposing the spin if
the sideslip is inward. (See reference 11, fig. 2.)

If the effects of sideslip on the yawing moment sup-
plied by the fuselage, empennage, and interference effocts
are not considered, for values of stagger tested a biplane
with negative stagger will generally have a slightly smallw-
or yawing moment than one with positive stagger. When
kg2 = ky®
;—~———£;§ < 1 (weight of the airplane distributed along

g

the fuselage, 4 < B), the C required opposing the spin

n
ky® — ky® |
will bo smallest. When —Zz————2_ > 1 (weight of the alr-

kp™ = ky

plane distributed along the wings, & > B), the C, re-
quired opposing the spin will be large and the alrplane
may be expected to spin flat and recoveriles will.probably
be more difficult.

: The effects of sideslip on the yawing moments pro-
duced by the tail and fin area indicate that, wlth large
inward slideslip, the vertical tail surfaces would be very
ineffeckive and large amounts of fin area ahead of the
wing would be beneficial. In some cases the "inward side-
slip at the center of gravity may be large enough Ho makeo
the sideslip at the tail inward, in which case the tail
and the fuselage behind the center of gravity would furnish
vyawing moments aiding the spin.- It follows that ftwo gen-—
oral methods of preventing a dangerous spin might be coa-
sldored.

The first method is to decsign an alrplane that will
attain spinning oquilibrium with as small an amoun?i of in-
ward sideslip as vossible so that the rear part of the
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fusciago and the %tail surfaces will have maximum offective=

ness. A tail with a large unshiolded vertical fin areca
will then give the maxinmum obtainable yawing momont oppos-
ing tho spin, A large diving momont, a small wvalue of

2
——5—9——~5, a large value of wing loading, and a largo
kg = ky . -
k,2 - k. 2

valuc of —ZE———~X5 are factors giving the smallest
amounts of inward sideslip, although the large values of
kg? - ky® ' '

Z " =X ;
—~z————=5 &also give relatively large values of G0, re~

quired opposing the spin.

The second method is based on the agsumption that an,
appreciable yawling moment opposing the spin may be set up
by fin area ahead of the center of gravity (reference 11).
This yawing moment would be expected to increase as the
inward sideslip and the vertical fin area ahead of the
conter of gravity inecreasc., The airplane should then be
designed with the maximum possible vertical fin area ahecad
of the centcr of gravity; and, to obtain mazimum ianwvard
sideglip, o small diving moment, a large value of

b® '

L

2
kg = ky

o lightly loaded wings, and a small valuo of

kZa - kYa
L 2 a "
kg = kx

& good tail arrangement, i.e., one with a large un-
shieclded fin area, may not always prevont flat spins bo-
cause, for gome cases, the sideslip at the tail may be
zero or inward, which will result in a tail yawing moment
of zero or even aiding the spin.

CONCLUSIONS

On the assumption that% the arbitrary constants added
to the rolling-~moment and yawing-moment coefficients are
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of the right order of magnitude, the following conclusions
are 1nd1cated by the analysis p{e§ented_for a conventional

biplene with _rectangular Clark Y wings having O. 25 ZeTro,
and -0,25 stagger, gap equal to the chord, and 0° decalage:

1, The value of the yawing-moment coefficient re-
quired from the fueselage, tail, and interference effects
for steady spilunning equllibrlum at any anglse of attack is
small and nearly always negzative (opposing the rotation)
throughout the range investigated. _ .

2s The maximum value of the yawing-~moment cooffi-
cient that must be suppliecd by all parts of the airplano
other than the wings and inertia couples to prevent svin-
ning equilibrium at any angle of attack is C, = - 0.025.

¢ The value of stagger for the best espinning char-
ccterigtics varies with different tyves of airplanes.

4e At some angles of attack, the inward sideslip
will be very great (more than 20°) so that cven good tail
arrangements may have little effect in preventing a dan-
gerous spin; fin area ahead of the wings will be benefil-
cial.

5, The angle of attack at which the maxiwmum inward
sldesglip ocecurs decreases ns tho stagger choanges from pos—
itive toward negative. For gles of attack through 50°
the sideslip generally becomes more inward as tho_stagger
becomog more negative, the opposite being true at 70° an-
gle of attack, with the transition taking place at somo
intormodiate angle of attack.

6o Too much reliance should not be placed on tail
arrangement for preventing bad seviuning characteristics.

Longloy Memorial Aoronautical Laboratory,
Notional Advisory Committec for Acronautics,
Langley Fiocld, Va., Octobor 19, 1937.
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TABLE I, Asrodynemic Ohereotsristics of e Jlark YT Biplane Qellule
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g K 70 | .634| .033| -.004(-1.488|-.0%e1|-.0am]| . 70 -.0157| -o0o0s
§8§:! p=1°
] o
Lokt «||0-26| 20 |0.757|-0.031|-0.006(-0.093|-.0184}0.00a3|0.0033|0.35| =0 -.0008|0.002a
gegg| |- 40 | .665( -.038| -.006| ~.886/-.0161| .0051|-.00L 0 -0082| ~.0010
[4'4-1 80 | ,508| -,018] -.00L) -.801| .0053| .0108|-.0032 50 -.0083] .0017
o 60 | .3e8( .omi .ooa| -.708| .oo40] .0100|-. 20 ,0074| -.0088
o P 70 | .a84| .087| .003| -.673|-.0185{ .0OB4|-.0000 " .00%7] ~.0010
§;§§ .60/ 30 | ,774| -.0%8| .003| ~.918|-.0008| .006Y| .0050| .z0| %0 -.0008] 0044
L— 40 | .638| -.048| -.c03| -.o58| .0184| -0066!|-. 0 .oooa| 0007
11 d 50 | .480| -.046| -.0La| -~.918| .oaes| .0083|-.0085 50 +004¢] -, 0048
288% o 60 | .402| -.009| -.001| -.619] .0@88] .0073|-.0058 80 .0088 -, 0051
i H 70 | .as4| .oat| .oo1| -.788| -c104| .o0es|-.00%0 720 -0041| 0023
' .98 30 | .eyo| -.087] .013|-1.080]-.0337| .0020| .coon| .76) 30 -.0018] .ooo8
40 | .772| -.048 -.001|~1.048| .0198{ .0041|-.000@ 40 .0048! -, 0033
50 .804] ~.035] -.008|~1.013| .01%1] ,0014|-.0049 5 -.001%) -.0038
80 | .488| -.083] -.013|~1.018 .oaoa[ <D040] —.0060 0 .0043] -, 0082
70 | .23} -.005| -.005|~%.008] .0140[ .0008]-. 0 ,0024) -, 0021
1.00| 30 | .ee9| -.om| .ose|-1.163{-.1138(-.00a7|-.003|1.00] 30 -.0114|~.0018
40 | .987| -.020} .025|-1.313)-.035)~.0054| - © -.0013| ~.0030
! 0 | .eoa| -.033 .008(-1,287]-.0104|-.0082| ~. 50 ~.0118| ~.0003
; : 80 | -e1a) -l033| -.c08|-1.294 - 00564|-. 0088 -, 0004 a0 ~.0028! -, 0051
70 | .47 -.028| ~.004|-1.4300 -.0138]|—.0177) —.0001 0 ~,0075] =

Oosfficlents of forses and womenta

glvon Toxr end whourd dhe quarksr-chord point at the lower wurfeocs of the upper wlng.
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TARLE II. Asrcdynamic Oharacteriptios of a (lark Y Eiplans Jslluls
Tezo
2b o «
T lam| % | % | % | % J 6 | o B e % 5| Y [%]|% |a |
g = 107

0.,85| 30 |o0.033|-0.04 -0.0428 |0.008L[0.86| 30 |0.800|=0.041]-0.005|-0.988]-0.01564 |-0.0341 00082
40 | .753| -.040 -.0870 |-. 40 | .787| -.035| -,010] -. -.0833) -.0374]-.0015
8 | .811] -.0%0 ~.0248 |-.0014 60 | .a37| ~.003] .001|-1.006| -.0145| -.0870]|~.0012
60 | 438! .00 «.0248 |~.0017 so | .4s8] - .004| -.m13| 0084 | - 0844 |~.p011
w | . .051 -.0368 |-.0035 T | .874| .018{ ..003| -.788| .o0184| -.0288|-.0020

2| 30 | .e17| -0 ~.0280| .oos4| .50| 30 | .274| ~,040] .008)-1.088] -.0k81| -.0282) .004B
40 | .613[ ~.084 -.0315] .0033 & | .774| -.028| -.008[|-1.0%3( -. ~.0288| 0037
50 | ‘eam| -.048 ~.0205 |~.0011 80 | .818] ~.018| -.011| —.es0| .0198| -.0283|-.0021
80 | .449| -.0M 0300 |~. 0045 eo | .480| ,001| ~.008| ~,968| .0871| -.0831|-.0028
% | .z04| -.000 ~.033% [~ 0042 7 | ‘204] ~.005| .000| -.897| .0488| —.0311-.004%

a5 30 |1.07| -.08 -,0300| .0028} .95 2z | .ses| -.oze| .018[-1.175| -.0882| -.03898| .ac10
4 | .o4| ~.0m3 -.0320| .0044 40 | .po5| -.05t[ .004|-L. 0050 -.0405) .0030
60 | 78| .07 -.0863| .0011 ® | .73l -.018| -.008[-1.10| .08%| -.0440| .
e0 | .m84| -.0a7 —.0458{-.0027 B0 | .588| -.008| -.0131-1.138| .0%00| -.0480|-.0024
v | .se0|-.014 ~.0450 | =, 0037 7 | .%80| -.008| -.007(-1.130] .0%07| ~.0448)-~.0033

1.00| %0 [1.111] -.027 -.038%(-.0006(1.00] 30 |1.141| -,090| .083|-1.334| -.1339| -.0428| .0000
0 [1.148] 001 =.0520| .00B4 40 | 1,008 -, 088|484 ~,0%6¢| -.0830| .0036
50 | .e17| -.0% ~,0878| ,0087 B0 | .o08 -.008| .007|-1.439] .00m1| -.0682| .0043
e | sl .. o087 =,0808] 0010 &) | 707l [o09) -.008l-1.x0ml o2zl -.oa18) ool
20 | .4v8| -.0n8 -.0850( -, 70 | 473 -.011( ~.008|-1.418] .0805[ -.0868 .0030

0.35| 30 |o0.B33|-0.038 -0.0837|0.0088]0.85| 20 -0.0314|0.
20 | 8| -.om -.08Y8| -, 0013 40 ~.0219|~.0010
50 | .sa3| -.023 -.0263| -.0017 50 -.0R74/| ~.001E
60 | .446| -.001 -.0857| . 0014 60 ~.0B54| ~. 0008
% | .286 .o06 —. 0255 ~. 005 0 ~.0283| ~.0033

0| 20 | .0e5| -.0%7 -.0850| .0047| .80 =0 ~.0204] 0043
40 | 3| -.058 ~.0501| .0083 40 -.0206| .0o12
0 | . -0 ~.0206| -. 0017 %0 ~.0309| ~.0014
80 | .48%| -,009 - - 80 ~.0318] ~. 006
70 | .208| -.008 -.0%10{ -. 0030 " ~.0310| -.0038

"5 30 |1.028| -.0m -.0545| .0019| .78| 30 -.0354| .0010
0 | .g78| -.011 -.ou8| . 40 -.0580| .0015
50 | .r80[ -.010 ~0d59| - 50 -.0%03 .
eo | .eo7| .01a ~.0438| - 60 ~.0%90| --.0058
70 | .3%4| -. ~.0424 . 0038 0 —-.0A0B] -, 0033

1.00| 30 |1.184] -.018 ~.0441] .0001|1.00| 30 -.0450| .0008
40 [1.188] .00 ~.0580( 0044 40 ~.0851] 0017
60 | o4 . -.0638| 0087 50 ~.0895| .0030
a0 | weu oaX -.0m8l 0016 80 ~.0m7| 0008
20 .mﬂ;oai] -.0m4{ .0003 70 -.0583] -. 0001

ihe qurter-ohord point at the lowsr surifwoce of the upper wing.

dg2p ‘OF 930K TROTWOSL ¥ 0"V X




Center of
rotation

(FF?—ﬁalnnce spindle
|

5“
' 0.25
i _ stagger
| P e S
. 15¢ ] /Z’Ilz *lfe |
N l b 5 .
-0.25 stagger

Figure 1.~ Clark Y biplane cellule.
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Fig. 2

mounted on the spinning belance.

Pigure 2.- The rectangular Clark Y biplane cellule, 0.25 stegger,
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